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Introduction
One of the central motivations for the euro creation was to eliminate exchange rate risk. As proved by empirical studies, the common currency can result in increase in foreign trade activities. However, the existing literature at the industry or firm level finds mixed results of evidence of systematic exchange rate exposure and rarely concerns Central and Eastern European countries. This paper thus contributes to a gap of empirical findings of exchange rate volatility and its effects on firm value in the case of a transition economy. It also offers a new perspective and provides new evidence on the foreign exchange rate exposure of broad sample of firms.
The objective of this paper is to investigate the extent of exchange rate exposure in a sample of 39 companies listed in Budapest Stock Exchange during 2000 -2014 on basis of stock prices and over a broad sample of 2 037 large, medium and small firms on the cash flow basis during 2003 -2012. The first hypothesis tests whether the publicly listed companies or group of firms are significantly exposed to exchange rate risk. It is possible that there exists a set of conditional relationships between the explanatory variables and the exposure coefficients. If the exposure proves to be statistically significant, the next step is to identify the Tomanová, L 
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determinants that influence the exposure. This hypothesis is tested by running second-stage regressions.
The second objective of the paper is therefore to explain why some firms are exposed. To be able to understand its underlying sources, it is important to identify the determinants, or at least the characteristics, of the exchange rate exposure. The exposure coefficients estimated in the first part of the paper are used in a second-stage regression to test which factors determine exposure. The tested factors are firm's size measured as market capitalization, turnover as a proxy for liquidity and foreign sales in case of publicly listed companies and foreign sales and turnover in case of non-listed companies. These factors result from the hypothesis that the larger firms are less likely to be exposed thanks to the fact that larger firms are more likely to have resources to hedge against the exchange rate risk. However, the data on whether a firm uses hedging strategies were not available. The liquidity proxy is covered due to hypothesis that more liquid firms are most likely to be more exposed to the exchange rate risk. Foreign sales proxy is important due to the hypothesis that the more internationally active the firm is the more the firm is exposed to the exchange rate risk.
If exports are invoiced in domestic currency, the exchange rate risk is transferred to the importer. However, typically for Central and Eastern European currencies, Hungarian forint as a currency is rarely preferred as a settlement currency. Majority of exports flow to euro area countries and settlement is conducted in euro. The paper is therefore focused on the HUF/EUR exchange rate exposure, omitting other possible settlement currencies. The methodology of stock prices analysis follows the literature in defining exchange rate exposure as a statistically significant relationship between stock returns at the firm level and foreign exchange returns using orthogonalized market returns. The period under the investigation is between 01/2000 and 07/2014, which also offers the opportunity to analyze exposure during different economic stages and macroeconomic policies. The cash flow analysis offers more complex view, since studies of foreign exchange rate exposures generally use stock returns to proxy for changes in cash flows.
In this paper, we use both approaches, which allow us to understand the effect and measurement of exchange rate risk, which is then essential for possible hedging strategies. The exposures of cash flows and stock prices are related via the present value. The stock prices are measure of European Financial and Accounting Journal, 2014, vol. 9, no. 2, pp. 47-65. 49 corporate performance as the present value of cash flows; however, Hungarian stock market is rather less liquid, thus the cash flow exposure estimation is essential to complete the analysis. Cash flow exposure analysis covers period from 2003 to 2012.
The remainder of the paper is organized as follows. The literature related to exchange rate volatility and its influence on firm value is covered in Section 1. Section 2 describes methodology used to estimate cash flow exposures and provides information about the data set. The exposure estimation results and the robustness of these results are discussed in the Section 3. The paper is concluded by a summary of results in conclusion.
Literature Review
The basic understanding of exchange rate exposure is the sensitivity of a firm's market value to a change in exchange rate. In recent years, and especially after adopting rather floating exchange rate regime, exchange rate exposure has been under the scrutiny of empirical research. Starting with Adler and Dumas (1984) and Jorion (1990) , studies have been undertaken on developed countries' data with rather more liquid financial markets to analyse how stock market values are affected by changes in exchange rates. Economic theory suggests that firms are subject to exchange rate exposure since their cash flows are driven by exchange rate fluctuations. Shapiro (1975) suggests that the exchange rate volatility is a major source of macroeconomic uncertainty that influences the returns and corporate cash flows.
While early empirical studies (Jorion, 1990; Bartov -Bodnar, 1994) suggested that exchange rates do not affect stock prices, the more recent studies have produced mixed results. Recent studies have demonstrated that a significant number of companies face the exchange rate exposure. Most studies have used a sample of multinational companies to test the exposure and the mixed results have been attributed to the ability to efficiently hedge against exchange rate risk from the perspective of large multinationals. Needles to say, earlier studies focused mainly on developed countries, omitting transition countries. Many studies have failed to find a relation between changes in market values and exchange rates and show insignificant effects of exchange rate changes on firm profits. Other empirical studies present rather weak relationship between 
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firms' stock prices and exchange rate volatility (Dominguez -Tesar, 2006; Griffin -Stulz, 2001 ). The mixed results are explained by using different methodology in the papers and also different proxy for foreign exchange rate movements. Some papers use a single currency, whereas others have employed weight indices of exchange rates (Bartov -Bodnar, 1994; Jorion, 1990) . Adler and Dumas (1984) have presented a single factor model to estimate foreign exchange rate exposure by estimating the elasticity of firm stock returns to exchange rate changes. The market value of a firm is constructed as the present value of future cash flows, thus the exposure can be obtained using market data that simplifies the estimation. They argue that insignificant exposure can be explained by managing the foreign exchange risks. Jorion (1990) added a variable for market movements to the model and analysed foreign exchange rate exposure of 287 U.S. multinationals over the period 1971 -1987 . Using OLS method and monthly basis data, he finds out that only 5.2 % of companies is significantly exposed. In the latter paper, Choi and Prasad (1995) use similar two-factor model, but they orthogonalize the exchange rates to the market factor. They find that 14.9 % (61 out of 409) of the individual firms in U.S. is significantly exposed at the 10 % level. Muller and Verschoor (2006) analyse the exposure of 817 European multinational firms using OLS to estimate two-factor model by Jorion (1990) , with euro's bilateral exchange rate with alternatively the US dollar, UK pound and Japanese yen as explaining variables. Their results show that about 13 % of the multinational firms experienced significant exposure effects to the Japanese yen, 14 % to the US dollar and 22 % of firms to the UK pound.
Regarding emerging countries, many empirical studies have usually shown a significant exposure of firms. Kiymaz (2003) analysed the exposure of Turkish firms traded in Istanbul Stock Exchange over the period 1991 -1998 using monthly-orthogonalized market return and a foreign exchange basket of US dollar and ECU. The results show that 61 % of firms were highly exposed to exchange rate risk, especially those operating in textile, machinery, chemical and financial industries. The study that focused on emerging markets is by Bartram and Bodnar (2012) who analysed exposure of non-financial firms in 37 countries around the world; however, the countries of Central and Eastern Europe were not included. Their results suggest that 30 -40 % of firms in open and emerging market countries are significantly exposed. Chue and Cook (2008) estimated the exchange rate exposure in 15 emerging economies using GMM-IV and OLS method, excluding transition economies from their analysis. They have found that depreciations had negative impact on emerging market stock returns during 1999 -2002; however, this impact significantly faded during 2002 -2006 . By using OLS method, about 40 % of firms have shown significant exposure. Beyond the elasticity exposure estimation, there are papers regarding cross-sectional approach of the exposure estimates. Some studies show that the effect of exchange rate uncertainty on the firm value depends on variety of firm characteristics, including percentage of foreign sales (Jorion, 1990) , according to Dukas et al., (1996) the firm size or industry concentration according Bartram and Karolyi (2006) . Booth and Rotenberg (1990) show that foreign sales, foreign assets and foreign debt are amongst the determinants of the sensitivity of Canadian stock returns to the US dollar movements. Doige et al. (2002) constructed international database of over 17 000 non-financial firms over a 25-year period from 18 countries using portfolio approach. They found out that larger firms are more sensitive to currency fluctuations than smaller firms, and that the level of international sales and foreign assets are significantly negatively related to exchange rate exposure. This is in constraint with Bodnar and Wong (2003) who show that smaller firms are more exposed to foreign exchange rate movements, which is consistent with the hypothesis that larger firms have easier access to hedging strategies.
Regarding the cash flow exposures, the evidence is limited and usually conducted on a basis of case studies of individual firms. Bartram (2007) analysed exchange rate exposure of VEBA nonfinancial multinational company based on internal cash flow data. They have found that the residual net exposure is economically and statistically small, even if the operating cash flows of the firm are significantly exposed to exchange rate risk, proving the hedging activities are important key factors of the exposure reduction. According to Froot et al. (1993) , higher cash flow volatility due to exchange rate risk may lead to reductions in firm value if firms face constraints on their internal financing and, as a consequence, incur either higher costs of raising external funds or opportunity costs of forgone profitable investment projects. The cash flow regressions take more of a corporate point of view where the exposure is important information for risk management in a company. 
Methodology and Data
The literature on foreign exchange rate exposure is followed by defining exposure as the relationship between excess returns and the change in the exchange as presented by Adler and Dumas (1984) who define the exposure elasticity as the change in the market value of the firm resulting from a unit change in the exchange rate. Among other studies, the advantage of this approach relies in the ability to estimate elasticity of exposure from the coefficient on the exchange rate variable. Classical framework of the exposure to exchange rate risk employs regression analysis. Foreign exchange rate exposures have been frequently estimated by the following 2-factor model introduced by Jorion (1990) :
where R i,t denotes the monthly stock return of a company i in period t, RM t represents the monthly return on a market portfolio in period t, and R S,t denotes the change in the exchange rate HUF/EUR (S) in period t, β i is the firm's market beta and δ i represents the sensitivity of an i-th company's stock returns to exchange rate movements, interpreted as the total exchange rate exposure of a firm i, α i is a constant, ε i,t is the residual error term with zero mean and constant variance.
Positive value of δi indicates that a depreciation of forint corresponds to an increase in the stock prices of a firm and vice versa for a negative coefficient. Equation (1) is, however, extended regression of the original model that controls for market movements used in empirical studies. The estimates of exposure coefficients could be biased due to omitted variables (Priestley and Odegaard, 2007) , this problem thus motivated to include a stock market portfolio RM in the regression. The market portfolio is an aggregation of the individual firms' stocks. If the individual firms' stocks are exposed, it can be assumed that the market stock will be exposed, too. This corresponds with a view that foreign exchange rate movements are more likely to influence stock market than vice versa. The evidence of this issue was provided in Dumas and Solnik (1995) who showed that cross-country aggregate stock returns are affected by currencies. However, possible multicollinearity problem can be eliminated by orthogonalizing the market returns. Following Priestley and Odegaard (2007) , orthogonalization of the return of market portfolio on a set of exchange rates can be done by estimating the following regression:
where υ m,t is an error term, defined as the orthogonal market return which is not correlated with the exchange rate movements.
Therefore this variable will be used in Eq. (1) as proxy for the market returns. This approach has an advantage in simpler interpretation of the exposure coefficient as total exposure. It is important to note that the aim is to obtain a consistent estimate of the exchange rate exposure coefficient δ i , rather than maximize the R 2 in Eq. The availability of internal cash flow data during the period 2003 -2012 allows conducting an exposure analysis using the following regression as suggested in Bartram (2007) . The approach lies in regressing corporate cash flow variables on changes in exchange rates:
where RCF denotes changes in corporate cash flows of a company group i in period t, R S,t denotes the percentage change of currency S in period t, δ the regression coefficient captures the sensitivity of the respective cash flow to an exchange rate change and, thus, represent a measure of foreign exchange rate exposure of i-th group of firms. 54
The determinants of exchange rate exposure
To identify the exposure, explanatory variables are chosen by the findings of previous studies. Most studies suggest market capitalization, turnover, foreign sales, hedging activities, liquidity, foreign debt and foreign assets. Due to the lack of available data, this analysis focuses on market capitalization as a proxy for firm's size (only in case of stock prices exposure analysis), turnover as a proxy of a firm (group of firms) i's liquidity and foreign sales as a proxy for the international trade engagement. Existing literature regarding determinants of the exchange rate exposure uses typically cross-sectional regressions of the following form to examine the determinants. The exchange rate exposure is regressed on various firm-level characteristics. Specifically, for a firm i, the model is estimated as:
where δ i refers to the exposure of firm (group of firms in case of cash flow analysis), i to the exchange rate movements obtained from the OLS estimation of Eq. (1), resp. Eq. (3),, χ i,k is firm i's k-th explanatory variable, and ε i is a residual error term.
In particular, it is aimed to identify the reasons behind the change in exchange rate exposure of publicly listed companies across the earlier and especially later sub-period due to the higher number of significantly exposed firms. The basic regression specification includes the firm exposure coefficient estimated over the two sub-periods 2000 -2006 and 2007 -2014 and also for the whole period as the dependent variable and market capitalization, turnover and foreign sales as explanatory variables. For the cash flows exposure determinants analysis we consider only the whole period under investigation from 2003 to 2012 due to lower frequency data using panel regressions. The limitation of methodology used in this paper is in the lower cash flow data frequency. The results are likely to be more robust when using higher frequency data. Regarding second-stage regressions, it would be also beneficial to obtain other variables that can determine the exposure, such as dummy for hedging whether a firm uses hedging strategies, dummy variable denoting whether the firm is a multinational corporation, dummy variable denoting whether the firm is in the traded-sector, and others. The variables were, however, not available and most firms do not publish such data. For the stock prices exposure analysis, the limits lie in the two-factor model. The other variables were not included in the regression due to the simpler interpretation of the exposure coefficient as total exposure. However, some studies use different variables, such as the value-weighted market return data, or trade-weighted exchange rates, or include other macroeconomic variables.
Data description
The stock prices data were obtained from Budapest Stock Exchange historical data warehouse. The data are on monthly basis (average of observations through period) from January 2000 to July 2014 including 39 companies in total, all publicly listed in the Budapest Stock Exchange. As a proxy for market returns, returns of Budapest Stock Exchange's BUX index are used. The proxy for exchange rate changes is represented by changes in HUF/EUR (direct quotation) nominal bilateral exchange rate (average of observations through period). Exchange rate data were obtained from European Central Bank's Statistical Warehouse database. Corporate cash flow data were available only on annual basis for the period from 2003 to 2012. The cash flows data are denominated in domestic currency. Unfortunately, the limitations lie in unavailability of longer period and higher frequency of data. The sample comprises of large, medium-sized and small non-financial firms which represent 8 industries: Accommodation and food service activities, agriculture, forestry and fishing; construction; electricity, gas, steam and air conditioning supply; information and communication; manufacturing; transportation and storage; wholesale and retail trade. Table 1 provides an overview of the number of firms with available cash flows data. The sample of large firms is represented by 323 firms, sample of medium sized firms is represented by 868 firms and the small sized firms' sample comprises of 846 firms. For the second-stage regression analysis, data were obtained from Budapest Stock Exchange historical data warehouse and Amadeus database. Market capitalization and turnover data are both denominated in Hungarian forint, foreign sales data are expressed as a share of foreign sales on total sales. Foreign sales are on annual basis, market capitalization and turnover data of publicly listed companies were on monthly basis, whereas the yearly data were obtained by computing the average. The firm size is specifically subject to investigation because large firms are more likely to hedge their foreign exchange risks if there are fixed costs of doing so or they might be more diversified and thus 'naturally' hedged. The proxy for firm's liquidity is turnover of a company because in case of external shocks the monetary authority allows the local currency to depreciate, stocks with relatively low liquidity tend to benefit more and vice versa.
Estimation results

Stock prices exposure estimation results
The individual company regressions were estimated in three periods: beginning in January 2000 and ending in July 2014 and then in two sub- Table 2 . In the second sub-sample, number of significantly exposed companies is significantly higher than in the period from 2000 to 2006. This can be explained preferably by the development at financial markets and higher volatility of Hungarian forint to euro during the years 2007 -2009 . During 2007 -2014 , total of 18.4 % of all companies seem to be exposed at 10 % significance level. During the early sub-period, there are substantially more firms with negative exchange rate exposure than in the whole period. During 2000 -2006, the number of significantly exposed firms is only 4.5 %, smaller percentage than in the following sub-period, mainly caused by less liquid stock market (sample size was 22 during that sub-period) and also due to the fact that only companies with good resources to hedge against exchange rate risk participated in stock market. Nevertheless, also in the following sub-period companies surely used hedging strategies, however, the situation in the global economy was rather less predictable. The mean exposure coefficient for all periods remained negative. Apart from quite high level of exposure, results demonstrate that effects of exchange rate are mostly negative. Most of the companies show negative exposure coefficient, therefore depreciation of domestic currency corresponds with a decrease of firm's stock returns. The results are in constraint with other studies regarding emerging markets (i.e. Kiymaz, 2003; BartramBodnar, 2012; Chue -Cook, 2008 ) which usually find higher percentage of the significantly exposed firms. However, there is a lack of existing empirical evidence on central and eastern European countries, thus the empirical results are more difficult to compare.
Tab
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Regarding the exposure determinants, if γ is negative for a particular firm-level explanatory variable, an increase in this variable will make exchange rate depreciation more damaging for the firm's value. The results of the cross-sectional regressions are presented in Tab. 3. Using panel regression in three periods, the results support for the market capitalization and foreign sales as important determinants of the exchange rate exposure of firms. These results are consistent with Jorion (1990) and Dukas et al. (1996) . However, only in the later sub-period the hypothesis of both, the foreign sales and market capitalization, as important determinants were confirmed as significant factors. However, the coefficients are very close to zero. For the full sample 2000 -2014 only foreign sales significantly determined the foreign exchange rate exposure which is also consistent with theoretical expectations. In the early subperiod it none of the variables seemed to have impact on exchange rate exposure. The results are not very robust due to the low R-squared values, 14,10 % in case of early sub-period, 16,47 % in case of later sub-period and 19,47 % in case of the full sample. In the later sub-period, there is a negative relationship between a firm's exchange rate exposure and its level of foreign sales and market capitalization. By contrast, in the all sample period, the market capitalization has positive slope and is not statistically significant. The turnover as a determinant of exchange rate exposure has weak support in this analysis since in all cases it has proved as insignificant. 
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Cash flow exposure estimation results
The estimation results for Hungarian firms are reported in Tab. 4. In the sample of Hungarian firms we find that the response of cash flows to exchange rate fluctuations is mostly negative which is consistent with the stock prices analysis results. The significant cash flow exposure is present in a group of large firms operating in manufacturing industry and in wholesale and retail trade industry. The exposure coefficients in these cases are both positive and negative, meaning that the depreciation of Hungarian forint is connected with an increase in company's cash flow in case of manufacturing industry and decrease in case of wholesale and retail trade industry. Results showed that medium sized companies' exposure coefficients are not statistically significant in most cases. The only exceptions are the accommodation and food service activities industry and agriculture, forest and fishing industry. Small firms operating in transportation and storage industry show negative significant exchange rate exposure coefficient, whilst wholesale and retail trade industry has positive significant coefficient. Medium sized and small sized companies have negative exposure coefficients in majority of industries. These firms thus suffer more from the exchange rate volatility than larger firms. Results showed that Hungary has highest number of significantly exposed firms (34 %), which is consistent with recent studies (Bartram -Bodnar, 2007; Chue -Cook, 2008 ) estimating exchange rate exposure in emerging markets. Due to significantly exposed large firms operating in manufacturing and wholesale and retail trade activities, it seems that 79 % of firms from large firms group are significantly exposed. It would be thus beneficiary to obtain data from more firms operating in other industries due to possible overage of the percentage resulted from insufficient number of observations in different industries. Small firms group analysis resulted in 45.27 % significantly exposed firms which is consistent with assumption that smaller firms will have less resources to hedge against the exchange rate risk. The exposure determinants of significantly exposed industries estimation are reported in Tab. 5. For large manufacturing firms, both the foreign sales and turnover are important determinants. Both of the coefficients have positive value, which means the more liquid large manufacturing firms are more they are exposed. The same goes for the foreign sales. The more large manufacturing firms operate abroad, the more exposure they show. This result is consistent with Jorion, 1990 and regarding the firm size with Doige et al. (2002) . Large wholesale and retail trade firms' results provide similar conclusion about the turnover, however, the foreign sales coefficient is negative, resulting in surprisingly reverse relationship between foreign sales and exposure which is consistent with Doige et al. (2002) . Medium sized firms' exposure determinants analysis provided insignificant results in all cases. The small firms tend to be more exposed the less liquidity they have in case of the wholesale and retail trade activities. The relation between foreign sales 
Tab. 4: Cash flow exposure results -total exposure
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and exposure is however positive which is consistent with Bodnar and Wong (2003) . Therefore it can be assumed that there are groups of significantly exposed firms in the segments of small and large firms, depending on other factors. We can conclude that in case of large firms the more liquid they are, more exposed they will become which is consistent with theoretical expectations.
Conclusion
The paper focused on the stock prices and cash flow analysis of exchange rate exposure of Hungarian firms. The stock returns of 39 companies were used to test for the presence of exchange rate exposure of firms quoted in Budapest Stock Exchange. The exchange rate exposure was estimated by investigating the effect of changes in HUF/EUR exchange rate on stock returns during the period 2000 -2014 and separately for sub-periods from 2000 to 2006 and from 2007 to 2014 using orthogonalized market returns. Orthogonalized market returns provided in most cases better results which are consistent also with the findings that a significant number of publicly listed companies are exposed to exchange rate volatility, particularly 18.4 % of companies were significantly exposed during 2007 and 2014, most of them negatively. Only 4.5 % of companies were exposed during 2000 -2006 and 12.8 % of companies were exposed during the all sample period. Regarding the cash flow analysis the results showed that 34 % of firms are significantly exposed. When investigating the exchange rate exposure determinants it was found that market capitalization and foreign sales were important determinants of exchange rate exposure for publicly listed companies during 2007 -2014 . The more the company is engaged in the international trade, the more is also exposed to exchange rate fluctuations. Turnover as a determinant of exchange rate exposure proved to be the least significant factor. The cash flow analysis provided similar results. Large firms are more exposed more liquidity they have which is consistent with theoretical expectations. The small firms operating in wholesale and retail trade industry however tend to be more exposed the less liquidity they have. Giving the high percentage of trade flows aiming to euro zone markets; these results have also implications for corporate finance. Although the financial derivatives markets are not that easily accessible by medium sized and small firms, by the time of euro adoption, the hedging against exchange rate risk would result in more effective protection of the firm value especially in case of small firms groups. The results indicate different exposure effects across the industries, the percentage of foreign sales and firm size and turnover are likely further important factors that determine the exchange rate exposure.
